Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
A vast number of empirical studies analyze students' academic performance in the context of an educational production function, concentrating on the effect of characteristics of educational institutions, such as student-teacher ratio, class size, expenditure per student, and on the contrast between public and private institutions (for an overview, see Hanushek, 1997 Hanushek, , 2003 .
Relatively little is known about students' time allocation and its effect on students' academic achievement. However, this could be of importance for both the students themselves and the educational institutions. For students, it is important to know how to allocate their time most efficiently to maximize high academic performance. The educational institutions may be interested in knowledge about the efficiency of, for example, increasing instruction time for students or increasing the supply of tutorials because of the competitive nature of scarce of financial resources.
The issue of the allocation of financial resources in the higher education system has recently received much attention in Germany because universities were only allowed to charge limited tuition fees quite recently. In 2005, the Federal Constitutional Court lifted the general ban on charging tuition fees with the result that each federal state could decide independently whether to charge tuition fees. Indeed, some federal states now charge tuition fees of up to 500
Euros per semester which has opened up a new source of financial resources for universities. more, the relatively big sample size facilitates a detailed investigation for different subgroups, namely male and female students, below-and above-average ability students (measured by the final high school grade), and students of Arts/ Humanities, Social Sciences, and Sciences/ Engineering. Since time use is endogenously determined, the results presented here are of a predominantly descriptive nature. Nonetheless, important associations between student time use and academic achievement and between the different types of time use themselves can be uncovered. This knowledge can support the universities in improving the learning environment of students, e.g. regarding the supply of courses and tutorials or the time provided for self-study.
The empirical results suggest that the time allocation matters for educational achievement, even after controlling for a number of variables, including ability, motivation, characteristics of the study, and the university. Regarding the different types of time use considered here, time devoted to courses seems to affect educational achievement positively for female and for high ability students. The same holds true for students of Social Sciences and Sciences/ Engineering. Time use for self-study is positively associated with grades and the effect is similar by gender, ability, and field of study. Only for students of of Sciences/ Engineering the correlation appears to be insignificant. In contrast, time devoted to student groups or tutorials appears to be negatively associated with academic achievement. Splitting the sample into subgroups, this result holds true only for students with low ability and those of Sciences/ Engineering. Time spent on other study-related activities and on working as a student assistant is positively correlated with grades irrespective of gender, ability or field of study. An exception are students of Arts/ Humanities. For these students no significant association between grades and time spent on other study related activities can be found. Working in other than student employment has no effect on student performance. Using a translog production function shows that time spent on attending courses and on self-study are substitutes as well as time use for courses and for other study-related activities. However, time spent on courses and time spent on working as a student assistant or tutor are complements.
The remainder of this paper is organized as follows. Section 2 gives an overview on the related literature, in section 3 the empirical framework and the data are described. Section 4 presents the results and section 5 concludes.
2 Related Literature
Understanding the technology of combining schooling inputs to create educational achievement outcomes has been the focus of research in recent years. A common framework to investigate this productivity relationship is the educational production function. Taking students' educational achievement as output, which is mostly measured by test scores, there seems to be a consensus that family background, peer inputs, and school inputs are important determinants.
Most of the research is focused on the input-output relationship for school-age children. Yet, little is known about the factors affecting student outcomes in higher education. Additionally, in the discussion about the determinants of educational, only little attention is paid to student time allocation as an input factor. Becker (1965) raised the problem of individuals' time allocation assuming that households are consumers and producers at the same time. With respect to students, the time allocation problem can be seen as the problem of maximizing the output (measured in grades) by choosing the optimal input of time for different (competing) activities. Levin and Tsang (1987) address this problem by developing a theoretical model of the student time allocation problem using an educational production function that is expanded by variables representing student effort and time. It is assumed that the student has resources in terms of both time and effort at his personal disposal. They can combine these resources to produce activities efficiently so as to maximize their utility. Using an example with two activities, namely learning activity in school and out-of-school activity, they suggest that an increase in instructional time leads to a decrease in effort per unit of time and therefore the net effect on educational performance will be small. They conclude that a mechanical increase in instructional time does not automatically lead to an increase in student achievement.
Regarding the empirical evidence on student time use, several studies deal with the effect of course attendance on academic achievement. To a great extent, these studies are based on samples of students in specific courses (mostly economics courses). The overall finding is that attendance positively affects academic performance (e.g. Schmidt, 1983; Park and Kerr, 1990; Romer, 1993; Durden and Ellis, 1995; Devadoss and Foltz, 1996; Chan, Shum, and Wright, 1997; Bauer and Zimmermann, 1998) . Determinants of lecture attendance and selfstudy are analyzed by Ryan, Delaney, and Harmon (2010) . Estimating separate regressions for both types of time use, they find that non-cognitive abilities such as future-orientation and conscientiousness are important for the amount of time students spent on both attending lectures and self-study.
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Looking explicitly at students' time allocation, little evidence is available. Schmidt (1983) uses a sample of students in a macroeconomic principles course and finds that the effect of lecture attendance is higher than the one for study hours. Stinebrickner and Stinebrickner (2008) investigate the causal effect of spending time for studying on academic achievement for first year students at Berea College (US). Using whether one of the randomly assigned roommates brings a video or a computer game with them as an instrument, they find evidence that an increase in study quantity by one hour increases the performance significantly.
Using more than one time use variable, Lassibille, Navarro-Gomez, and Paul (1995) compare the average amount of time that is spent on different types of student activities for Brazil, France, and Spain and find indeed country specific disparities. Dolton, Marcenaro, and Navarro (2003) find that time spent on lectures is more productive than time spent on self-study, time used for private tuition has a negative effect, and time used for employment has no effect. They use data on first-and final-year students collected in the classroom at the University of Malaga (Spain). However, their results might be affected by a selection bias since their data are collected during class. Bratti and Staffolani (2002) investigate the effects of students' different time use using data on first-year economic students at the University of Ancona (Italy). They find that the relative importance of attendance and self-study varies across exams. Attendance seems to improve performance especially in quantitative disciplines such as Mathematics and Economics, whereas self-study seems to be more important for nonquantitative disciplines such as Law and Economic History. The relationship between students' time use and self-assessed discipline-specific and generic competencies is analyzed by Meng and Heijke (2005) . They use data on higher education graduates from nine different European countries and find that attending courses solely increases the efficiency of acquiring disciplinespecific competencies whereas it is harmful for generic competencies. However, self-study and subject-related work increase both types of competencies.
The focus in the present study lies on the way in which the students' time allocation transforms into academic achievement, departing from the existing literature in three aspects.
First, the allocation of time is analyzed for the whole group of undergraduate students in several fields of study at different universities. Furthermore, six different types of student time use are distinguished. Second, the relatively large sample size facilitates the estimation of the effect of students' time allocation for different subgroups, namely men and women, belowand above-average ability students (measured by their final high school grade), and students of different fields of study. Third, the analysis is augmented by using a translog production function to investigate whether the different activities are substitutes or complements.
3 Empirical framework and data
In this analysis, an expanded educational production function, The vector T includes several variables that measure the time students devote to different activities. Time is measured in average hours per week the students spent in the current semester on the specific activity. The activities considered are (1) attending courses including lectures, exercises, seminars, and laboratories, (2) self-study, (3) attending student work groups or tutorials, (4) other study-related activities like attending a computer course, borrowing books, or attending office hours (5) working as a student assistant or tutor, and (6) working in other employment. Squared measures of the time variables are also included due to possibly declining marginal productivity of time use for some activities. The data set and its documentation (Simeaner, Dippelhofer, Bargel, Ramm, and Bargel, 2007 ) is distributed by the GESIS-ZA Central Archive for Empirical Social Science (GESIS-ZA Zentralarchiv für empirische Sozialforschung) or by the AG Hochschulforschung at the University of Konstanz.
6 The survey started in 1982 with eight universities and three universities of applied science. In 2006, students at 16 universities and ten universities of applied science were surveyed.
7 The German grading scheme ranges from 1.0 in 0.1 steps up to 5.0. The grade is (by substraction from 7) transformed such that a positive sign in the estimation output indicates an improvement. between male and female students. Men spend on average more time on student work groups or tutorials, while women spend more time on other study-related activities. Over time, the amount of time spent in these different activities stayed quite stable. Comparing 2006 to 1986, time spent on attending courses increased slightly whereas time spent on self-study decreased slightly. While women allocated in 2006 more time to attending student work groups or tutorials, and less time to other study related activities, men spent more time for working as a student assistant and less time on other employment.
Across different ability strata, distinguished by the final high school grade, contrasts are more pronounced (Table 2) . Above-average ability students devote significantly more time to both attending courses and self-study while they spend less time on employment. Comparing the amount of time spent on different activities between 1986 and 2006, the amount stayed quite stable over time. For high ability students the amount of time spent on courses increased slightly, whereas the amount spent on other study related activities decreased. For both types of students the amount spent on self-study decreased while that spent on working as a student assistant increased.
In Table 3 the differences in time use pattern are depicted for students of different fields Other variables that might affect academic achievement are related to the educational background of the students and their parents. Vector A includes the students' final high school grade as well as the parents' educational background. Additionally, the occupational background of the parents is included as a proxy for their income. 9 As proxies for motivation, two variables are included, namely whether the main reason for going to university was the student's special interest in the subject or whether it was to earn more money afterwards. The quality of the university is captured in vector R by including the students perception of the quality of the courses, the procedure of the courses, and the mentoring at university. These three dimensions of quality are constructed by aggregating several quality related questions into the three categories "low", "medium", and "high". A problem with using students' perception of the university's quality is that, on the one hand, it could be correlated with educational achievement, e.g., teachers could "buy" a better evaluation through better grading (e.g., Siegfried and Fels, 1979; Nelson and Lynch, 1984; Krautmann and Sander, 1999; Langbein, 2008) . On the other hand, it is arguable how well students can appraise the quality, especially the academic quality, of the lecture (e.g., Husbands and Fosh, 1993) .
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Vector X comprises age and gender of the student. Furthermore, variables are included that capture whether the student has a vocational degree, whether they have changed the field of study or the university since first enrollment, the student's field of study, the duration of the study, and the university the student is enrolled in. Year dummies are included to control for year effects. Fixed effects for both the university and the field of study control for bias resulting from time-invariant unobserved characteristics of the university or the field of study.
The sample is restricted to undergraduate students studying for their first degree. Only students at universities are considered because of the limited number of observations of students at universities of applied science. The analysis is restricted to undergraduate students because for graduate students only the grade in the intermediate exam (Vordiplom/Zwischenprüfung ) is available, but without information on the date this exam took place. Furthermore, all students whose first enrollment took place after the age of 31 are excluded, since these students arguably differ from students that enter university at earlier ages. To remove extreme outliers from the sample, the amount of time allocated to courses, to self-study, to student work groups/tutorials and to other study-related activities is restricted to 80 hours per week. For the time devoted to working as a student assistant and employment the sample is restricted to 30 hours per week, concentrating on full-time students only. Robustness checks for these data restrictions did not change the results significantly. The final sample comprises 11,297 students. The summary statistics are presented in Tables 10 and 11 in the Appendix. Table 4 shows the estimation results for three different specifications of the educational production function 11 : Specification (1) includes only the time use variables, gender, and year 10 I have to rely on the data on the students' perception of the university's quality, because there is no other data available for the whole period of time. I did some robustness checks using other more objective measures of university quality that are available for the years 2000 till 2006 only. The results did not alter significantly in sign and magnitude. Moreover, I aggregated the students' perception on faculty level, but the results did not change either.
Results
11 A stochastic frontier model is also estimated to account for inefficiency in the utilization of inputs. Following the general assumption that the inefficiency term of the error component is half-normal distributed, dummies. The second specification additionally includes proxies for the student's ability (student's final high school grade as well as father's and mother's educational and occupational background) and Specification (3) additionally proxies for motivation, the quality of the university and other student-related characteristics.
Including only a gender dummy and the time use variables in the regression (Specification (1)) yields mainly positive effects for the time use variables. Exceptions are attending student work groups or tutorials, which are negatively associated with grades, and time spent on employment for which no significant correlation can be observed. Expanding Specification (1) by including proxies for ability decreases the magnitude of the time use variables' coefficients as well as the significance level. The coefficients for time spent on attending courses, on self-study, and on other study-related activities decrease when including the proxies for ability only, whereas the other coefficients decrease when including the whole set of variables.
Using the full set of variables (Specification (3)), some significant results for the time use variables are retained, even though the magnitudes of the coefficients are relatively small.
Students that spend more time on attending courses have significantly higher grades than students that spend less. Whether this effect is due to higher numbers of hours provided by the university or due to a higher attendance rate of the students could unfortunately not be disentangled with this data. A similar association can be observed for devoting time to self-study, but here the marginal productivity is declining. Comparing these two effects, time devoted to courses and time devoted to self-study seem to be associated similarly with grades.
In contrast, the correlation between attending student work groups or tutorials and grades is significant and negative. Dolton, Marcenaro, and Navarro (2003) find a similar effect for attending private tuition. This negative association could be either caused by the inefficiency of such work groups or tutorials or by a selection effect. Unfortunately, with the data at hand, these two effects cannot be disentangled. Nevertheless, this result should be kept in mind when allocating the additional financial resources universities receive from charging tuition fees to, inter alia, increase the supply of tutorials. Students who spend more time on other study-related activities seem to have higher grades compared to students who invest less time.
Time devoted to activities supporting learning seems to affect grades positively. Devoting time to working as a student assistant or a tutor is positively correlated with grades, but with a decreasing marginal effect.
the model reveals indeed some inefficiency. However, the coefficients estimated by the stochastic frontier model do not vary from those estimated by OLS. Since OLS requires fewer assumptions, the OLS-results are presented only. Notes: Clustered standard errors in parenthesis. The time use variables are measured in average hours per week in the current semester. The final high school grade and the average university grade are transformed such that the best grade is a 6.0 and the worst grade is a 3.0 and 2.0, respectively. The parents' occupational status is classified according to Hoffmann (2002) . The category "low" comprises, e.g., unskilled, semi-skilled, and skilled workers; the category "medium", e.g., lower-and medium-grade civil servants, qualified employees, and small or medium size self-employed. In the category "high" are managerial employees, upper-and higher-grade civil servants, large self-employed, members of professions, and self-employed university graduates included. The category "other occupational status" comprises for fathers being in education, has never worked, or the occupation is not known. For mothers, this category comprises being in education or the occupation is not known. For mothers, that have never worked, an additional category is generated. * p < 0.10, ** p < 0.05,*** p < 0.01. Source: Student survey 1983-2007, AG Hochschulforschung, own calculations.
Male students have significantly better grades than their female counterparts. Age displays a U-shaped pattern, meaning that older students earn significantly lower grades than younger students with a turning point at the age of 28. Billari and Pellizzari (2008) find a similar result when looking at students at an Italian university. Whereas there is conclusive evidence that girls outperform boys in primary and secondary schools, less evidence is available for the case of tertiary education. The proxies for ability show the expected pattern. A good final high school grade is associated with a good average university grade. Students with bettereducated fathers have higher grades. The same holds true regarding the occupational status, using a low occupational status as the reference group. The education of the mother does not seem to be important, but her occupational status matters. The highest positive effect could be observed if the mother has never worked.
Students who chose the field of study due to career opportunities earn significantly lower grades than students with other main reasons. This finding is in line with the findings of Dolton, Marcenaro, and Navarro (2003) . The opposite is true for students whose main reason was the interest in the topic. The quality of the university measured by student perception is positively and significantly associated with grades and this holds true for all three dimensions captured. If the student has earned a vocational degree before entering the tertiary system, the average grade is significantly higher compared to a student without this degree. Regarding the duration of the study, a U-shaped pattern is observed, meaning that students in higher study-related semesters have significantly lower grades than students in lower semesters, but the negative effect decreases with a rising number of semesters. Students who have changed the university or the field of study since first enrollment appear to have significantly higher grades than students who have never changed. This result points to the fact that changing the university or the field of study leads eventually to a better match quality of student and university and student and field of study, respectively.
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Results for subgroups
Previous research shows that several differences between men and women with respect to education and educational outcomes exist, e.g., differences in educational performance, educational attainment or wages (e.g., Smith and Naylor, 2001; McNabb, Pal, and Sloane, 2002;  
Weichselbaumer and Winter-Ebmer, 2005
). There could also be differences in the allocation of time and its effect on academic achievement. Table 5 documents the estimation results for male and female students (Specifications (4) and (5)).
Investing time in attending courses is positively associated with grades only for female students, while for time spent on self-study, a positive correlation can be observed for both genders. Spending time on student work groups or tutorials is not associated with grades.
Devoting time to other study-related activities and working as a student assistant is positively correlated with grades, irrespective of the students' gender. There seem to be little differences in the association between time allocation and grades for men and women.
Alternatively, differences in the efficiency of time allocation between students of different abilities may persist. I run separate estimations for low-and high-ability students, measured by their final high school grade. In Table 6 , the results are presented (Specifications (6) and (7)). According to these results, spending time on attending courses is only significantly and positively correlated with grades for high-ability students. For low-ability students no significant correlation can be found. Self-study is associated with higher grades for students with both types of ability. With rising hours, a decrease of the marginal productivity can be observed.
Spending more time on attending student work groups or tutorials is negatively associated with grades if the student has an ability that is lower than the average. A positive correlation is found for devoting time to other study-related activities or to working as a student assistant for both low-and high-ability students.
Since there are structural differences in the course of study between different fields of study there might be also differences in the time use pattern. For example, the formal study time in Sciences/ Engineering is higher than in Arts/ Humanities. In Table 7 the results for the three fields of study Arts/ Humanities, Social Sciences, and Sciences/ Engineering are presented (Specifications (8), (9), and (10)). Differences in the correlation between time use and educational achievement are observable for all activities, except for working as a student assistant and other employment. On the one hand there exists no correlation between time spent on courses and average grades for students of Arts/ Humanities. On the other hand, for students of Sciences/ Engineering, no association between time spent for self-study and grades is revealed. Attending student work groups or tutorials is significantly and negatively correlated with grades only for Sciences/ Engineering. Expect for Arts/ Humanities the association between grades and time spent on other study related activities is significant and positive. 
Translog production function
Each student only has a certain amount of time that they can allocate between the different activities. For this reason, it can be assumed that some activities are substitutes and some are complements. For example, time use for courses and for self-study could be substitutes if the course is of good quality and therefore less time is needed for preparing and revising the lecture. In general, inputs x 1 and x 2 are substitutes if an increase in the use of x 1 causes the marginal product of input x 2 to decline. A functional form that allows for substitutability and complementarity is the translog (transcendental logarithmic) production function. 13 The translog production function for output Y and inputs x i with i = 1, ..., K is defined as
β ij is assumed to be symmetric (β ij = β ji ).
In Table 8 , the estimation results regarding the time use variables are presented using the whole sample. 14 In order to use the translog model, some transformations of the time use variables are necessary. For some activities, the participation of students is low (especially for working as a student assistant, but also for attending student work groups and other employment). Because the logarithm of 0 is not defined, there would be a large number of missing values for these activities. To avoid this, firstly, additionally to the continuous variable that measures the amount of time that is spent on a specific activity (t j ), a dummy variable that indicates participation in the activity (dt j ) is included. Secondly, if no time is invested in activity j (t j = 0), the logarithm of the time use is replaced by zero (log(t j ) = 0) and the dummy variable that indicates whether time is invested equals zero (dt j = 0). For the other cases, no replacements are made, i.e., in the case that one hour (t j = 1) is invested, the dummy equals one (dt j = 1) and the logarithm of the time use variable zero (log(t j ) = 0), and in the case that more than one hour (t j > 1) is invested, dt j = 1 and log(t j ) = log(t j ).
Attending courses and self-study seem to be substitutes as well as attending courses and other study-related activities. That means if students spend more time on attending lectures the productivity of the time allocated to self-study or to other study-related activities decreases, and vice versa. This results suggests that there exists a selection into activities. For some students it is more productive to attend courses and for some other students self-study is more productive. In contrast, devoting time to attending courses and to working as a student assistant or tutor are found to be complements. More time spent on working as a student assistant or tutor increases the productivity of attending courses, and vice versa. Table 9 shows the estimated output elasticities ∂ ln g/∂ ln t. The elasticities for attending courses, self-study, and other study-related activities are positive and significantly different from zero, even though the values are small. Increasing the time spent on each of these three activities by 1% increases the grade by 0.01%. In contrast, the output elasticity for attending student work groups or tutorials is significant and negative, indicating a decrease of grades by 0.01% if the amount of hours spent on this activity is increased by 1%.
Conclusion
Plenty of research has been conducted in the field of the input factors of the educational production function to explain the determinants of educational achievement. Most studies focus on institutional inputs, e.g., student-teacher ratio, class size or school or university quality. Only little attention is paid to student-related inputs like the students' time allocation.
In this paper, some light is shed on the productivity of different time uses with respect to academic achievement. Using data on students at German universities between 1986 and 2006, the results suggest that time spent on courses is positively correlated with average grades for female and high-ability students. Distinguishing between the fields of study Arts/ Humanities, Social Sciences, and Sciences/ Engineering, for all fields except Arts/ Humanities the correlation is found to be significant and positive. Devoting time to self-study is positively associated with grades and there are neither differences by gender nor by ability. Regarding the field of study, the positive association is significant only for Arts/ Humanities and Social Sciences. For male and female students, spending time on self-study and on attending courses seems to be of similar productivity. Time devoted to student work groups or tutorials is negatively correlated with grades if the students have an ability that is below average or if they study Sciences/ Engineering. Spending time for other study-related activities seems to be positively associated with grades. The only exception are students of Arts/ Humanities.
For working as a student assistant or tutor, a positive correlation can be found for all students.
Working in other employment seems to be uncorrelated with grades.
Using a translog production function facilitates controlling for substitutability and complementarity of several time use variables. Applying this model to the data reveals that time devoted to attending courses and time devoted to self-study are substitutes as well as time devoted to courses and time devoted to other study-related activities. However, time spent on attending courses and time spent on working as a student assistant or tutor are substitutes.
Regarding the concrete output elasticities, increasing the time spent on courses, self-study, and other study-related activities by 1% increases the grade by 0.01%. In contrast, raising the amount of hours spent on attending student work groups or tutorials by 1% decreases the grade by 0.01%.
Despite the problem of endogeneity and the descriptive nature of the results, there are reasons to believe that a causal association exists between the students' time allocation and academic achievement. The positive association between grades and time for self-study should be kept in mind, especially against the background of the restructuring of the educational system to Bachelor and Master degrees. A curriculum should provide the students some time for self-study. The results further induce that an introduction of mandatory course attendance would not lead to higher academic achievement in general. There exist significant and positive correlations only for some subgroups. Spending a great amount of the revenues from tuition fees for increasing the supply of tutorials can also not be supported by the results, neglecting the selection issues. 
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... Table 11 Notes: The grades are transformed such that 6.0 is the best and 2.0 the worst. The time use variables are measured in average hours per week in the current semester. For the classification of parents' occupational status see Table 4 . Source: Student survey 1983-2007, AG Hochschulforschung, own computations.
